Abstract. Two Bos taurus breeds with known differences in heat tolerance
Introduction
Development of a breed of cattle that can tolerate heat stress and maintain productivity has been a longterm goal of researchers and cattle breeders. Historically, most research in this area has emphasized comparisons of heat tolerant Bos indicus cattle (e.g., Brahman) versus heat intolerant Bos taurus cattle (Brody, 1956; Gaughan et al., 1999) . Current interest has shifted toward using breeds of Bos taurus cattle from tropical climates that might be both heat tolerant and superior to Bos indicus cattle in terms of reproduction, growth, and carcass quality (Spiers et al., 1994) . These breeds include Romosinuano, Senepol, and Tuli. The Romosinuano breed (Romo) is a tropically adapted, criollo beef breed that is native to Colombia, S.A. (Chase et al., 1997) . Previous research suggests that Romo exhibits heat tolerance, as well as good growth and high fertility (Vogt et al., 1991) . Likewise, they are noted for longevity, docile temperament, and the ability to combine with Bos indicus (Elzo et al., 1998) . This breed is currently found in Brazil, Costa Rica, United States, and Venezuela (Elzo et al., 1998) .
There have been few studies to compare the thermoregulatory abilities of Romo and heat sensitive cattle under controlled environmental conditions (Spiers et al., 1994) , with most relying on field comparisons (Hammond et al., 1996) . The purpose of this study was to evaluate the thermoregulatory abilities of the heat tolerant Romo and heat sensitive (Angus) Bos taurus breeds during exposure to heat stress. It was expected that there would be a better understanding of the Romo's heat loss mechanisms by extending the length of heat stress to 14 days and cycling the air temperature. Our goal was to isolate the effect of the environment and concentrate on breed differences by obtaining animals raised in the same region of the United States (i.e., Florida). By using a controlled heat challenge and measuring thermal status and thermoregulatory heat loss mechanisms, it would be possible to identify many of the heat exchange avenues that result in superior heat tolerance for Romo cattle. This is not a peer-reviewed article.
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Materials and Methods

Animals
Nine Angus (304 ± 7.0 Kg BW) and nine Romo steers (285 ± 7.5 Kg BW) were obtained from the Subtropical Agricultural Research Station in Brooksville, Florida. Steers were housed at the University of Missouri South Farm prior to entering the Brody Environmental Center at The University of Missouri. Steers were randomly divided into three climate-controlled rooms of the Center, with three individuals from each breed per room and maintained in individual stanchions. Steers were fed a high-concentrate diet (39 percent each corn and soybean hulls, 20 percent dried corn distiller's grains, and 2 percent mineral supplement; as-fed basis) at 1.6 percent of BW per day, with water available ad libitum.
General Procedures Steers were housed for 14 days at thermoneutrality (21°C; TN) before initiation of heat stress. Heat stress (HS) consisted of daily cyclic air temperature (26°C night: 36°C day) for 14 days (Fig. 1) . Environmental conditions were continuously measured using "HOBO" data loggers (Onset, Bourne, MA) to record air temperature and percent relative humidity. Measurements, including respiration rate and rectal temperature, were taken six times daily (0600, 1100, 1300, 1600, 1900, and 2100). Determinations of respiration rate were made by counting flank movement over a one minute interval. Rectal temperature was measured with a thermistor probe (Cole-Parmer Instruments Chicago, IL). Sweat rates were recorded on specific days throughout the study on shaved shoulder and rump sites, and were determined using a calibrated, digital moisture sensor (Vapometer; Delfin Technologies Ltd, Finland) that measured transepidermal water loss (Nuutinen et al., 2003) . Blood samples were collected at the end of thermoneutral and heat exposure periods via the jugular vein. They were centrifuged immediately to obtain the serum, and frozen (-20°C) for later use. Serum analyses used standard procedures. Most of these measurements were components of a larger biochemical profile produced by the Veterinary Medical Diagnostic Laboratory, University of Missouri-Columbia using an auto-analyzer (Olympus AV400; Olympus America, Inc., Melville, NY). Serum prolactin and leptin was determined according to Rozell (1990) .
Statisical Analyses Data was analyzed using two-way repeated-measures ANOVA procedure and standard least squares model fit (JMP ® , SAS Institute Inc., Cary, NC). Components of the statistical model included breed, time, and treatment by time interactions. When ANOVA revealed a significant difference in least square means, a Tukey-Kramer multiple comparisons test (Steel and Torrie, 1980 ) was performed at P = 0.05.
Results and Discussion
Thermoneutrality
Respiration rate at thermoneutrality was higher (P < 0.001) for Angus steers than Romo steers by approximately 20 bpm (Fig. 2) . There was a breed by day by time of day interaction (P < 0.001) at thermoneutrality, with Romo steers showing no change, and Angus steers slowly reducing respiration rate over time. This is consistent with results from other studies (Spiers et al., 1994; Hammond et al., 1996) . Angus steers also maintained a higher rectal temperature (Fig. 2) than Romo steers (P < 0.0001). Likewise, sweat rates of Angus steers were higher than Romo steers (Fig. 3) . All measurements concentrated on heat loss avenues, and all were higher for Angus than Romo steers. This was surprising since the thermal status of Romo steers at thermoneutrality was significantly less than for Angus steers. These results would suggest that heat production is less in Romo compared to Angus steers. Romosinuano cattle are known as a docile breed (Chase et al., 1997) , and possibly this is related to a lower metabolic rate. 
Heat Stress
Both breeds increased respiration rate during the first week of heat stress, with Angus steers exhibiting the higher rate (60 bpm, Angus; 38 bpm, Romo; P < 0.0001; Fig. 2 ). There was little change in respiration rate as a function of duration in the heat. Robertshaw (1985) suggested that respiration rate may be a more appropriate indicator of heat stress than rectal temperature. Respiration rate during heat exposure is known to increase more rapidly than other responses and often occurs at a lower critical ambient temperature. McDowell (1972) noted that increased respiration rate is the first outward indication of response to increased thermal load.
Both breeds showed a sharp increase in rectal temperature during the first three days of heat exposure. Rectal temperature was maintained higher for Angus steers even after the adaptation period (38.6 versus 38.3°C; P < 0.0001; Fig. 2 ). In addition, the rectal temperature of the Angus steers continued to increase during the second week of heat stress, while the rectal temperature for the Romo steers remained constant (38.7 versus 38.3°C). Hammond et al. (1996) contrasted Angus heifers with Brahman, Romo, and Senepol heifers, and found that the Angus heifers had the highest rectal temperature on the hottest day of the summer. Even at cooler air temperatures, there was the same difference between Angus heifers and the other breeds. These results are consistent with those found in the present study.
Sweat rate was higher at the shoulder versus the rump regions during heat stress for both breeds (Fig. 3) . They initially exhibited a 4-fold increase in sweat rate during heat stress, with the larger increase in Angus steers. This was followed by reduction after Day 7 (P < 0.0001), with no return to baseline level. The Angus steers maintained this higher sweat rate than Romo steers even after adaptation to heat (P < 0.0001). Interestingly, sweat rate of Angus steers decreased over time even with an increase in rectal temperature near the end of the study (Figs. 2, 3 ). Angus cattle appear to limit cutaneous evaporative water loss instead of maintaining homeothermy. This result was unexpected. The literature is unclear on whether heat tolerant cattle exhibit higher or lower sweat rates than heat sensitive cattle during heat stress (Kibler and Brody, 1952; McDowell et al., 1954) .
Blood Analysis
Blood samples were collected for the Angus (heat-sensitive) and Romo (heat-tolerant) breeds at thermoneutrality and at the end of the heat exposure period. Categories of response to mild heat stress included those parameters that were unresponsive across breed to heat stress (Category A), exhibited breed differences prior to heat stress (Category B), were responsive to heat stress (Category C), or showed an interaction between breed and thermal environment (Category D). Category A included ALT, CPK, urea nitrogen, potassium, chloride, magnesium, glucose, and globulin (Table 1) . Category B showed a difference between Romo and Angus breeds that was independent of environmental temperature (Table 1) . It included ALT, calcium, cholesterol, creatinine, and leptin. Category C was of special interest because it showed a change for both breeds in nine blood parameters (Table 1) that was related to thermal environment. The interest stems from the fact that the Romo breed did not exhibit a change in rectal temperature, although there were obvious changes in other thermoregulatory activities (e.g., respiration rate, sweating rate). It is possible that thermal input from another area, such as the skin, could be responsible for these changes. Category D was the interaction between breed and thermal environment with differences in cholesterol, creatinine, prolactin, sodium, and total protein (Table 1) . In all cases, the difference was for the Angus breed which showed the greater increase in prolactin, creatinine, and cholesterol (P < 0.05). Sodium and total protein also showed different responses for Angus steers, with increasing concentrations, and Romo steers, with decreasing levels (Table 1) .
Conclusion
Angus and Romosinuano steers were tested in thermoneutral and mild heat stress environments to determine differences between heat sensitive and heat tolerant Bos taurus breeds. In both environments, Angus cattle exhibited a greater heat loss than the heat tolerant breed. Surprisingly, the Angus breed also exhibited the greater heat load. Blood analyses showed that prolactin, creatinine, and cholesterol were more responsive to the increased load and might possibly be used to identify sensitivity to heat stress in cattle. 
